The aim of this study was to find a method for creatinine analysis unaffected by jaundice by comparing four different methods with high performance liquid chromatography (HPLC) as a reference method. The methods investigated were Kodak DTSC single slide, Boehringer alkaline picrate with and without blank correction and a Boehringer enzymatic method, the last three using the Hitachi 737 analyser.
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The measurement of serum creatinine provides useful information concerning renal function. The alkaline picrate Jaffe reaction, with or without modification, is the most widely used method for the determination of creatinine'P despite the well-known interferences from many compounds including proteins, acetoacetate and bilirubin/ to which these methods are prone.
Many workers have reported considerable negative interference by bilirubin in the determination of creatinine using the Jaffe reaction. It has been suggested that this interference may arise from a changing kinetic blank due to bilirubin being oxidized to biliverdin by the alkaline solution in the Jaffe method; this results in a decreasing absorbance at 510 nm and an increasing absorbance at 630 nm, the absorbance peak of biliverdin.s! Various attempts have been made to try to overcome this bilirubin interference including modifications to the Jaffe reaction," addition of potassium ferrocyanide." enzymatic reactions to convert bilirubin to biliverdin during the pre-incubation Correspondence: Mr E F Legg. 262 phase' and the use of blank-correction." The development of a variety of high performance liquid chromatographic (HPLC) methods-" has generally overcome these problems but they are not suitable for routine use.
The particular concern of the authors was the large numbers of jaundiced specimens, especially from paediatric patients, that were subject to interference and gave erroneous creatinine values. The aim of this study was to assess four different methods of creatinine assay in order to determine the technique least susceptible to bilirubin interference for use in the automated laboratory. This was done by comparing the methods with an HPLC technique established in this laboratory" which served as a 'reference' not subject to bilirubin interference. The methods evaluated were: Kodak Ektachem DTSC single slide creatinine assay (Kodak Clinical Diagnostics Ltd, Amersham, UK); a 'blank-corrected' Jaffe reaction using the Hitachi 737 (Boehringer Mannheim (UK) Ltd, Lewes, UK); Jaffe reaction using the same analyser without blank correction; and a BM enzymatic creatinine PAP assay also using the Hitachi 737. 
Kodak Ektacbem
The Kodak Ektachem DTSC single-slide method for creatinine is an enzymatic assay involving creatinase, sarcosine oxidase and peroxidase. Creatinine in serum is converted successively to creatine, sarcosine and glycine plus hydrogen peroxide.l? The peroxide generated converts a leuco dye precursor to a coloured oxidized dye and the rate of change in reflectance density during a 5·5 min incubation at 37 D C is measured at 680 om. 
The HPLC reference method was essentially that described by Guy and Legg" using 50 mM lithium acetate (pH 7· 4) as the mobile phase and calibrated using external standards of creatinine prepared in 0'1 M HCI to cover the range 100-1000 ILmollL. Samples were prepared as follows: serum and TCA (100 giL) were mixed in equal quantities, vortexmixed and centrifuged at 3000 rpm for 10 min; 50 ILL of supernatant were injected into the chromatograph.
The HPLC system consisted of a Perkin Elmer (Beaconsfield, UK) isocratic LC pump 250 with an LC90 UV spectrophotometric detector set at 234 om and a Perkin Elmer Advanced LC sample processor ISS200. Chromatograms were integrated using a model 1020 data processor.
Metbod comparison
Serum samples received in the laboratory for the measurement of creatinine and bilirubin were 8M enzymatic metbod using the Hitacbi 737 The BM creatinine PAP assay is an enzymatic colorimetric test. 9 It is a kinetic determination performed at 37 D C and uses a similar enzyme cascade to that described above for the Kodak method. The assay on the Hitachi 737 is bichromatic and is monitored at 505 om (secondary wavelength 700 om) between 274 and 370 s. collected to give a range of bilirubin concentrations up to 700 J.LIIlol/L. samples were divided into three aliquots (one for each analyser) and stored at -20 DC for a maximum of 4 weeks. All samples were analysed by each of the methods outlined above. Bilirubin determinations were also performed on each sample on the Hitachi 737 using a modified Jendrassik and Grof method." All determinations were performed on the same day and exposure to light during sample handling and analysis was minimized. 
RESULTS
Creatinine results from each method were plotted against HPLC creatinine results and a linear regression analysis performed to assess the degree of correlation of the methods (see Fig. la-Id) .
There was good correlation between HPLC creatinine determinations and both the Kodak Ektachem DTSC single-slide creatinine method and the modified Jaffe reaction (r=0'961 and r=O'997 respectively; Fig. la and b) . The unmodified Jaffe reaction (Fig. lc) showed greater scatter and correlated less well with HPLC (r = O' 862) whilst the BM enzymatic method for creatinine showed a poor correlation with HPLC creatinine determinations (r=0·385; Fig. ld) .
To evaluate the nature of the interference due to bilirubin, the bias of each method compared with the HPLC method (test method result minus HPLC creatinine result) was plotted against bilirubin concentration ( Fig. 2a-d ). Regression analysis of these data was performed. There was no negative interference from bilirubin up to levels of 717 /LmollL using the Kodak Ektachem DTSC single-slide assay and the modified Jaffe reaction (slopes -0·006 and 0,009, respectively; Fig. 2a and b ). Regression analysis indicated that there was little correlation between bias and bilirubin levelin either of these methods (r= 0·113 and 0'19, respectively).
Creatinine results obtained using the Jaffe reaction were higher than HPLC creatinine results in non-icteric samples but became substantially lower than HPLC as bilirubin levels increased (slope = -O' 083) and at bilirubin levels over 250 J.LIIlol/L, creatinine levels were underestimated. Regression analysis indicated that this increasingly negative bias correlated closely with bilirubin concentrations (r = O·847) confirming that bilirubin was causing a negative interference with the Jaffe reaction. This was observed to an even greater degree with the BM enzymatic method (slope -O' 172) and regression analysis yielded an r 
value of 0'909, indicating that this method was grossly interfered with by bilirubin (Fig. 2d ).
DISCUSSION
A detailed study of bilirubin interference with the Jaffe reaction indicated that for a given bilirubin concentration, the magnitude of the interference will be the same, regardless of the creatinine concentration.! The consequence of this is that bilirubin will have its greatest interfering effect at low creatinine concentrations and will cause the greatest diagnostic difficulty at the upper limit of the reference range. 3 ,12 It is therefore desirable to find a creatinine method which is essentially free from bilirubin interference.
A kinetic Jaffe method in use in this laboratory using an Hitachi 737 was noted to considerably underestimate creatinine (Fig. 2c ) in the presence of hyperbilirubinaemia.P This is well known and has been observed by a number of workers,3.13,14 the exact nature and magnitude of the interference varying with the method used. 2, 3 Hoffman et a/. 6 in a brief report stated that the inclusion of a kinetic serum blank in the rate creatinine method using the Hitachi 737 eliminated interference by hyperbilirubinaemia. In our hands, this method also did not show any interference by bilirubin up to levels of 717 /Lmol/L (Fig. 2b) and confirms that the blank-corrected Jaffe reaction is a significant improvement over the existing kinetic Jaffe method.
Peroxidase-coupled enzymatic methods available for creatinine assay are also reported to be highly prone to interference by icteric specimens," It has been suggested that this interference is related to bilirubin oxidation by, and consumption of, hydrogen peroxide. Goren et a/. l s evaluated the performance of the BM enzymatic creatinine (pAP) kit which contains ascorbate oxidase, detergents and ferrocyanide to reduce the interfering effects of ascorbic acid, lipids and bilirubin. They concluded that the kit was an attractive primary or secondary method for the determination of creatinine due to its lack of interference from substances commonly affecting the alkaline picrate method. However, the kit underestimates creatinine at bilirubin concentrations greater than 85 /Lmol/L.IS This is in agreement with reports by others that potassium ferrocyanide has only marginal effects in preventing bilirubin interterence.' Our study confirmed that the BM enzymatic method was greatly interfered with by bilirubin (Fig. 2d ) but also showed this to occur at all concentrations. The interference was such Bilirubin interference in creatinine assays 265 that the enzymatic method did not represent any improvement over our current method using the kinetic Jaffe reaction. The Kodak Ekatchem DTSC single-slide creatinine assay also displayed minimal bilirubin interference ( Fig.2a ) and correlated well with HPLC results although, once again, a positive bias was exhibited. Creatinine determination by this method involves a peroxidase-mediated enzymatic reaction; however, unlike the BM kit, the Kodak assay did not appear to experience negative interference from bilirubin. It is possible that, as bilirubin is mainly protein-bound, the spreading layer, by retarding protein, is able to prevent interference since most of the bilirubin will fail to enter the reagent layers. The Kodak Ektachem DTSC single-slide creatinine assay represents a suitable alternative method for the determination of creatinine which is not interfered with by bilirubin.
As expected, all methods showed a positive bias compared to HPLC when non-icteric samples were analysed. This difference in results has been attributed to the non-specificity of the Jaffe reaction with the detection of compounds such as ketones and cephalosporins which positively interfere with the reaction.' The method showing the least positive bias was the blank-corrected kinetic Jaffe method (Fig. 2b) . However, at higher bilirubin concentrations, HPLC creatinine results equal, or exceed the results from the uncorrected kinetic Jaffe and enzymatic methods due to the negative interference by bilirubin ( Fig. 2c and d) .
CONCLUSION
HPLC is a valuable tool in the comparison of methods for creatinine assay. This study indicates that two of the methods investigated for the determination of creatinine appear to be free from interference by bilirubin when compared against an HPLC method as reference; they are the blank-corrected Jaffe reaction using the Hitachi 737 and the Kodak method. The blank-corrected Jaffe reaction is readily applied to routine use in the laboratory and is recommended. Use of the Kodak DTSC method would be inappropriate for large numbers of samples (this may not apply to the 700/250 series Kodak analyser) but may be suitable for the determination of creatinine on selected highly jaundiced samples.
HPLC has shown that the blank-corrected kinetic Jaffe reaction represents an improved and acceptable alternative for the routine determination of creatinine in icteric samples.
